The present study reports 223 species and three subspecies of lichens from forest rocky communities of mountain Olovgora, which is the highest point of the Vetreny Poyas ridge (Arkhangelsk Region, NW Russia). A total of 82 species are new for the mainland area of Arkhangelsk Region. The species Bryoria glabra has been reported for the first time for European Russia. Two recorded lichen species, Cladonia bellidiflora and Lobaria pulmonaria, are in the Red Data Book of Arkhangelsk Region. The occurrence of old-growth forests, high heterogeneity of conditions, presence of an altitudinal gradient and the proximity to the sea lead to the rich diversity of lichens in this area.
INTRODUCTION
At the present time, the lichen diversity of Arkhangelsk Region (NW Russia) is poorly known compared with other regions of Russia. The data on the lichens of this area are insufficient: there is no list of lichens for this territory, and, consequently, no data on the total number of lichen species. However, Arkhangelsk region is a vast territory (589,900 km²), which includes plains of northern and middle taiga (northern and middle boreal subzone) with a relatively high percentage of old-growth forests, seashores, limestone outcrops, as well as a large area of Arctic islands. Such heterogeneity of landscapes in the territories leads to the presence of a rich lichen diversity.
There have been only a few published studies for the region. The Arctic islands (the archipelago of Novaya Zemlya, Franz Josef Land partly) form the most lichenologically studied area of Arkhangelsk Region: more than 500 species of lichens are known from the islands (Andreev et al., 1996) . For the mainland area of the region, only 350 species are known from different publications (Table 1) . Moreover, there are scattered notes about lichenological findings on the territory of Arkhangelsk region. About 50 species were reported in different editions of Handbooks of lichens of Russia (Handbook..., 1971 -1978 Handbook..., 1996 Handbook..., -2008 . In addition, K. A. Rassadina described the new species Hypogymnia incurvoides Rassad. sampled by V. P. Savicz in 1917 from Arkhangelsk Region (Rassadina, 1967; McCune et al., 2006) . In the recent publication the species Platismatia norvegica (Lynge) W. L. Culb. & C. F. Culb. was reported from the Arkhangelsk Region as new to European Russia (Tarasova, 2014) .
The lichen diversity of the neighbouring territories has been studied much better: for Murmansk Region 1029 species of lichens are known (Urbanavichus et al., 2008) , the Republic of Karelia has about 1256 species (Fadeeva et al., 2007) , the Republic of Komi -1147 species (Pystina & Hermansson, 2013) , Vologda Region is poorly studied and has 182 revealed species of lichens only (Rassadina, 1929; Chkhobadze, 1997; Notov et al., 2006) .
Olovgora is a highland open to sea winds. The slopes of the ridge are covered with rocky forest communities typical of northern Fennoscandia. The old-growth forests, the high heterogeneity of habitats, the presence of an altitudinal gradient and the proximity of the White Sea determine the interest in the study and suggest a rich diversity of lichens in this area. Studies of lichens have never been carried The lichens of forest rocky communities of mountain Olovgora (Arkhangelsk Region, Northwest Russia) Viktoria N. Tarasova 1 out in this territory. This paper is the outcome of comprehensive lichenological studies of mountain Olovgora and a contribution to the general knowledge on the regional lichen biota.
MATERIALS AND METHODS

Study area
The study area is located in the northwestern part of Arkhangelsk Region, 45 km south of the Onega Bay of the White Sea (Fig. 1) . Olovgora (344 m a. s. l., 63°24'N, 37°00'E, 0.7×0.5 km in size) is the highest point of the low-mountain ridge Vetreny Poyas. This ridge, which is about 200 km long and 10-15 km wide, stretches along the southern coast of the Onega Bay. It is a part of the Baltic Shield and forms the watershed of the rivers flowing into the White Sea and the Baltic Sea, clearly rising above the surrounding lowlands. The ridge has a steep northern slope and a flat-lying southern slope and consists of several ridges 200-300 m high, elongated in the south-easterly direction. Olovgora is an outcrop of the solid Proterozoic crystalline ultrabasic rocks -komatiitic basalts in the form of debris blocks of different size (Kulikova et al., 2007) . The soils are mostly underdeveloped: primitive rock or thin and peaty podzols. The climate is characterized by frequent weather changes. The lack of ridges around makes this area easily accessible to the cyclones from the Atlantic and from the North-East. The cyclones bring precipitation, cloudy weather, and warming in winter, the cold Arctic air flows cause a strong temperature decline and frosts. The annual precipitation ranges from 400 to 540 mm with up to 200 days with precipitation -snowfalls of short duration in winter and long drizzles in autumn. The humidity is relatively high: 85-95% in autumn and winter, 70-90% in summer and spring. The depth of snow cover reaches 70-80 cm (Gromtsev, 2008) .
The vegetation of Olovgora is represented by sparse spruce forests, with a predominance of Picea obovata Ledeb. and Betula pubescens Ehrh., and with individual trees of Sorbus aucuparia L., Salix caprea L., Populus tremula L. and Pinus sylvestris L. The terrestrial cover is dominated by Vaccinium myrtillus L., V. vitisidaea L., Ledum palustre L., Calluna vulgaris (L.) Hull., as well as a variety of green mosses, liverworts and lichens. Most of the plant communities of Olovgora are old-growth forests without any traces of logging and fires, where natural forest dynamics can be observed. The age of some trees comes up to 300 years, and there is a large supply of dead wood. The vegetation on the plains of Olovgora is represented by extensive bogs and young forests, recovering after clearcuttings.
Data collection
The field work was carried out by the first three authors during two expeditions in June 2012 and 2013. A total of 11 sample plots 20×20 m were established along two transects on the northern (306-341 m a. s. l., 63°24'50-55"N, 37°00'28-30"E) and southern (302-338 m a. s. l., 63°24'35-43"N, 37°00'12-16"E) slopes of mountain Olovgora in old-growth spruce forests. A detailed geobotanical description of the rocky forest community was made for each sample plot including the registration of trees (height, age, basal area, crown density etc.) and the ground cover characteristics (shrub and herb cover, mosses and lichen cover). The epiphytic, epilithic (10×20 cm plots) and ground lichen communities (1×1 m plots) were described in detail. In addition, in order to explore the overall species diversity of lichens, routes covering the entire territory of Olovgora were set up. The total area of the investigated territory was 0.44 ha in the sample plots and about 25 ha by means of walking. The collected material, a total of 2000 lichen specimens, was identified using a standard microscopic technique and spot tests. The sampled specimens of genera Cladonia and sterile crustose lichen species were identified by a standard technique of high performance thinlayer chromatography (HPTLC) in Laboratory of Lichenology and Bryology of BIN RAS, St. Petersburg, and Herbarium of the Botanical Museum, University of Helsinki, using solvent systems A, B and C (Orange et al., 2001 ). The nomenclature follows mainly Nordin et al. (2011) .
The specimens are deposited in the herbarium of Petrozavodsk State University (PZV).
List of localities
Arkhangelsk Region, Onega District, the Vetreny Poyas ridge, mountain Olovgora: 1) lower part of the southern slope (302-320 m a. s. l., 63°24'35-39"N, 37°00'11-14"E); 2) top part of the southern slope (321-332 m a.
s. l., 63°24'40-41"N, 37°00'14-16"E); 3) lower part of the northern slope (306-321 m a. s. l., 63°24'53-54"N, 37°00'29-31"E); 4) top part of the northern slope (329-337 m a.
s. l., 63°24'51-53"N, 37°00'28-30"E); 5) central part of the plateau (338-341 m a. s.
l., 63°24'42-50"N, 37°00'16-29"E); 6) western part of plateau (326-339 m a. s. l., 63°24'38-51"N, 37°00'12-14"E); 7) eastern part of the plateau (319-335 m a. s.
l., 63°24'38-52"N, 37°00'31-36"E). The substrate type analysis has shown that corticolous lichens dominated in the lichen species composition of Olovgora (Fig. 2) . A total of 125 species (56% of the lichen flora) were found on the bark of trees, and 46 of them also occurred on wood. Among the studied phorophytes, the richest lichen diversity (89 species, 40% of the lichen flora) was observed on the trunks and branches of Picea obovata. On the bark of Betula pubescens 43 species (19%) were found, on Sorbus aucuparia -29 species (13%), on Salix caprea -11 species (5%). The group of lignicolous lichens contained 67 species (30% of the lichen flora), of which typical lignicolous lichens are Calicium trabinellum, Cyphelium inquinans, Icmadophila ericetorum, Lecanora hypopta, Micarea denigrata, Trapeliopsis flexuosa, and Xylographa spp. The terricolous lichen communities included 59 species (27%), of which 35 species were only found on the soil. Half of the group of ground lichens was represented by species of the genus Cladonia. Thamnolia vermicularis was rather common on the soil, as well as species of the genera Peltigera and Stereocaulon. The saxicolous lichens were represented by 42 species (19% of the lichen flora), characterized by a high substrate specificity (38 species were found on rocks only). Most of the species developed epilithic thalli: Aspicilia laevata, Cystocoleus ebeneus, Psilolechia lucida, Rhizocarpon spp. and Umbilicaria spp.
THE SPECIES
Thus, the lichen species composition of Olovgora is typical for old-growth forests of the boreal zone. The comparison of the species list with that of the lowland territory of Pinezhsky Nature Reserve (Zakharchenko, 1989; Zakharchenko & Sokolova, 1989; Puchina et al., 2000) and Nature Park Kozhozero (Fadeeva, 2006) revealed that 50% of the species composition was the same. However, the altitudinal gradient and the proximity to the sea bring in arctic and oceanic species into the lichen biota.
Among the identified lichens of Olovgora, 214 occurred within the permanent sample plots, within the territory less than 0.5 ha. During the study of the mountain by a walking method on the area of about 25 ha, just nine species were added to the list of lichens. Obviously, the study of the lichen species composition by fixed sample plots makes it possible to obtain more complete information on the species diversity in the study area. The geobotanical transects along the slopes included a wide variety of conditions, heterogeneity of relief forms and substrates.
We suggest that the studied lichen species composition of mountain Olovgora reflects the high biodiversity potential of the lichen biota of the Vetreny Poyas ridge. This can be explained by the studied forest communities, the oldgrowth forests, as indicated by the presence of a large number of protected species and indicator species of old-growth forests. Furthermore, the species richness is also caused by a wide range of substrates: living trees of various species, decaying wood, crystalline rocks. In addition, the lowland landscape and geographic position cause the presence of arctic lichen species (Arthrorhaphis citrinella, Flavocetraria nivalis, Cladonia subfurcata, Nephroma arcticum, Thamnolia vermicularis etc.) , and the proximity to the sea -the presence of sub-oceanic and oceanic species (Platismatia norvegica, Cladonia cornuta subsp. groenlandica). Fig. 2 . Number of lichen species of different groups according to their substrate preferences in forest rocky communities of Olovgora. The rock forest communities of the Vetreny Poyas ridge might be considered as refuges, centers of biodiversity, probably not only for lichens. The nature of this area is of great interest for study and protection.
